The quadrupole moment of the deuteron indicates the existence of non-central 
I. INTRODUCTION HE theory of nuclei attempts to interpret nuclear properties in terms of two-body forces. Current nuclear theories further postulate equal interactions between all pairs of nuclear particles, and until very recently it has been customary in the theory of light nuclei to construct the interaction as a linear combination of Majorana, Heisenberg, signer, and Bartlett forces operating through similar potentials of the same range. That this is insufhcient was, however, demonstrated by Rarita and Present, '
and their conclusions substantiated by the analysis of proton-proton scattering data. ' An interaction of the sort described, when fitted to represent the experimental binding energies of H' and H', as well as the cross section for slow neutron-proton scattering, will predict a binding energy of He4 which is about 20 percent too large. The existence of the quadrupole moment of the deuteron has established that the neutron- Now and spin dependent forces of this character are predicted by various current mesotron field theories of the neutron-proton interaction. More recently Rarita and Schwinger' have examined the possibility of representing the properties of the deuteron by means of the interaction operator &= -I1 --, 'g+! g~i~2+ v&2I &(ru) (1) For the ground state of the deuteron, which is of even parity, the omission of space exchange operators from (1) is of no consequence, and therefore, for this state, V is equivalent to the most general linear combination of Majorana, Heisenberg, signer, Bartlett, and tensor operators. Indeed respect to operations on P, there are only two independent linear combinations of ej, e2 and e3, which we may choose symmetrically as e~ã nd a3. Therefore, with the exception of the identity operator, the only independent scalar spin operator will be e~~. 6~, and since this operator is also invariant with respect to space rotations, the wave function (3) will have the same transformation properties as P, that is, it will represent a '5» state. In the same way there are three independent spin vectors, namely +~2, e3, and o3)&el2, which may be combined with the vector r&(g to form the rotation invariant operators e~~rXy, e3 r)(y, and elXoi2 (rXp). These operators transform like vectors, in other words, like the spherical harmonics of the first order, under space rotations, and, consequently, when applied to f, produce P wave functions which, however, in general represent combinations of 'P» and 4P» states.
To determine then the representations of the pure 'P» and 4P» states we employ the device of operating on the two 'Si wave functions, (2) and (3), with the operator (oi+o2+o~) rX j which commutes with (ei+o2+ea)'. We obtain in this way the two wave functions (4) which must have the same total spin as (2) and (3) and can therefore only describe pure 'P» states.
The wave function (5) of the 'I' i state is the linear combination of e» rXy and eaXoi2 (rXy) which is orthogonal to (4). That (5) really represents a quartet stage may be verified by demonstrating that e~e3 has the eigenvalue 1 when operating on (5). The 'Di wave functions can be derived by combining the spin tensor cJ$2EF3 with the various tensors formed from the space vectors and applying the resultant rotation invariant operators to P. As before, this will in general furnish a mixture of the J=-, ' wave functions of H', but after the subtraction of the known (2) (6) and (7) and that (6) and (7) are all orthogonal to the wave functions (2) through (5).
Any of the wave functions (2) through (7) to a 'S» wave function will obviously produce only 'D» wave functions, and it is readily calculated that in O' P;»3(r,;)S»(r,;)P or P;»3(r,;) XS~2(r;;)(e~m em)$ is a linear combination of the wave functions (6). The further application of P,»3(r,;)S~2(r;;) to the wave functions (6) produces a complicated mixture of terms among which are included the P states (4) and (5) Table I . We have included in Table I (1914) . %'ith the aid of these tables it is possible to combine, in calculations of the sort described here, the advantages of Gaussian radial functions and square well potentials. this best value of C was almost independent of the choice of x and y in the neighborhood of the extremum, and differed surprisingly little from the extremal value for even quite bad choices of x and y. Thus in H' for x=2.2 and y=2. 7 the best value of C is 0.222, although this set of values fails to give any binding by 1.j.56 deuteron energies. By actually evaluating the analytical expressions for BE/Bx, BE/By and 8E/BC from (10) and showing that these derivatives passed through zero in the immediate neighborhood of the extremal points given in Table I , it was possible to establish definitely that we had found the extremum. The variation of F with x or y is, as might be expected, a good deal more rapid than its variation with respect to C.
We have also attempted to estimate the effect on the extremal value of C of improving the radial dependence of the trial functions. That is, in the trial functions Cj, C2, and 4~, we replace the single Gaussian radial function of the S terms by a sum of two Gauss functions of the form exp( -2p(gr;P))+A exp( --', r(gr;P)), suitably normalized, and then, retaining the previous values of x and y from Table I exact value of C in the deuteron, and by the small variation of the extremal value of C either with improvement of the trial functions or changes in x and y. We may note, however, that our attempts to improve the radial functions were much more effective in the deuteron than in either of the other two nuclei. These "radial" functions are, as we have pointed out, We wish to stress that, because of the incomplete character of the variation calculation, the conclusions of this section must be considered somewhat speculative. These conclusions could have been made more precise by carrying the variation to a dehnite completion, but in view of the fundamental theoretical uncertainty in the very form of the neutron-proton interaction, the amount of computational labor which such a calculation would require mould scarcely be justihed. Our results support the view that the successful introduction of the tensor forces into the two-body interaction will require the assumption of different ranges for the spin-orbit coupling and conservative forces. There exist, however, limitations on the range of the tensor force, ' and the possibility that many-body forces may be necessary cannot be overlooked. We should like hnally to express our thanks to Professor J. R. Oppenheimer for his interest in this work.
